PPIase catalysis by human FK506-binding protein proceeds through a conformational twist mechanism.
FK506-binding protein (FKBP) catalyzes the cis-trans isomerization of the peptidyl-prolyl amide bond (the PPIase reaction) and is the major intracellular receptor for the immunosuppressive drugs FK506 and rapamycin. One mechanism proposed for catalysis of the PPIase reaction requires attack of an enzyme nucleophile on the carbonyl carbon of the isomerized peptide bond. An alternative mechanism requires conformational distortion of the peptide bond with or without assistance by an enzyme hydrogen bond donor. We have determined the kinetic parameters of the human FKBP-catalyzed PPIase reaction. At 5 degrees C, the isomerization of Suc-Ala-Leu-Pro-Phe-pNA proceeds in 2.5% trifluorethanol with kcat = 600 s-1, Km = 0.5 mM and kcat/Km = 1.2 x 10(6) M-1s-1. The kcat/Km shows little pH dependence between 5 and 10. A normal secondary deuterium isotope effect is observed on both kcat and kcat/Km. To investigate dependence on enzyme nucleophiles and proton donors, we have replaced eight potential catalytic residues with alanine by site-directed mutagenesis. Each FKBP variant efficiently catalyzes the PPIase reaction. Taken together, these data support an unassisted conformational twist mechanism with rate enhancement due in part to desolvation of the peptide bond at the active site. Fluorescence quenching of the buried tryptophan 59 residue by peptide substrate suggests that isomerization occurs in a hydrophobic environment.